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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Takashi Masaki, a citiizen of 
Japan residing at: Kawasaki, Japan, Toru Ikeda, a citizen of 
Japan residing at Kawasaki, Japan and Shigenori Yanagi, a 
citizen of Japan residing at Kawasaki, Japan have invented 
certain new and useful improvements in 



ROTATION CONTROL METHOD AND STORAGE APPARATUS 



of which the following is a specification 



TITLE OF THE INVENTION 
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5 BACKGROUND OF THE INVENTION 

This application claims the benefit of a 
Japanese Patent Application No . 2000-301462 filed 
September 29, 2000, in the Japanese Patent Office, 
the disclosure of which is hereby incorporated by 
10 reference. 

1 . Field of the Invention 

The present invention generally relates to 
r=l rotation control methods and storage apparatuses, 

:3 and more particularly to a rotation control method 

15 for controlling rotation of a recording medium such 
rg as an optical disk when recording information on 

and/or reproducing information from the recording 
medium, and to a storage apparatus which employs 
such a rotation control method. 
20 Recording media such as optical disks 

employ a zone constant angular velocity (ZCAV) 
system or a zone constant linear velocity (ZCLV) 
system. When the ZCAV system is employed, it is 
possible to obtain a high random access performance 
25 with respect to the recording medium, but a 

recording and/or reproducing clock frequency becomes 
low. For example, a data transfer rate at an inner 
periphery of the optical disk becomes slow. On the 
other hand, when the ZCLV system is employed, it is 
30 possible to obtain a high data transfer rate, but 
the random access performance with respect to the 
recording medium becomes poor because the rotational 
speed of the recording medium such as the optical 
disk changes upon access thereto. 
35 2. Description of the Related Art 

Recently, due to the popular use of the 
Internet, there are increased opportunities for 



users to download data, such as music and video data, 
via a communication line or the like, and to record 
the downloaded data in recording media. In such 
cases, magnetic disks of a hard disk drive (HDD), 
5 and removable optical disks such as a digital 

versatile disk random access memory (DVD-RAM) are 
used as the recording media. 

In the case of the video data, the size of 
one file is relatively large. In addition, the 
10 video data is a continuous data, and it is necessary 
to continuously and stably maintain the data 
transfer rate over a predetermined value during 
3 recording to or reproduction from the optical disk, 

is in order not to generate an image distortion such as 

15 frame dropout, 
fff On the other hand, in personal computers 

or the like, a disk management area is usually 
provided in a portion of the optical disk for the 
purposes of managing programs and files . 
20 Accordingly, it becomes necessary to access the disk 
management area every time an access is made to the 
program or file. For this reason, in a case where 
the size of each file is relatively small, the 
access to the file and the access to the disk 
25 management area are repeated, to thereby generate a 
random access to the optical disk. 

Therefore, the required data transfer rate 
and the required random access performance differ 
depending on the state of use of the recording 
30 medium, such as the kind of data processed, the file 
size and the usage of the recording medium. Hence, 
it is conceivable to increase the rotational speed 
of the recording medium such as the optical disk, 
depending on the required data transfer rate and 
35 random access performance. 

On the other hand, in optical disk units, 
the trend of the development is to increase the 
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storage capacity and to increase the recording 
and/or reproducing speed. If the recording and/or 
reproducing speed is increased, the data processing 
speed can be increased when the user uses the 
5 recording medium, thereby enabling a more efficient 
recording and/or reproduction. 

As a method of increasing the recording 
and/or reproducing speed, it is possible to increase 
the rotational speed of the recording medium such as 
10 the optical disk. As other methods of increasing 
the recording and/or reproducing speed, it is 
possible to increase the data recording density or 
to use a direct overwrite type recording medium. 
However, in order to enable the use of the existing 
15 recording system and recording medium as they are, 
it is desirable to increase the rotational speed of 
the recording medium, that is, to increase the 
□ rotational speed of a spindle motor which rotates 

the recording medium such as the optical disk, as a 
ij 20 method of increasing the recording and/or 

I- reproducing speed. 

But when the rotational speed of the 
optical disk is increase, it become3^ necessary to 
increase an emission power of a laser diode which is 
25 used as a light source when caf^ying out a recording 
or erasure. In other wordsy"^ the formation of a 
recording bit depends on energy product of the 
irradiating laser lighjfe^( ( irradiation time) x 
(irradiation power )>7 and the linear velocity 
30 increases and thp^rradiation time decreases as the 
rotational spp^d increases. For this reason, in 
order to maintain the same energy product, it is 
necessar;y to increase the irradiation power. 

On the other hand, when carrying out a 
35 reproduction, a frequency of a reproduced signal 
increases and a reproducing margin for decoding 
decreases as the rotational speed of the recording 




medium increases . 

Therefore, if the rotational speed of the 
optical disk is increased to a high speed, there is 
a possibility that the power of the laser diode will 
5 become insufficient and/or the reproducing margin 

will become insufficient. Although the optical disk 
unit is generally designed to operate with a 
sufficiently large margin even when the optical disk 
undergoes a high-speed rotation, there is a 
10 possibility that the required read and/or write 

performance cannot be maintained during the high- 
speed rotation, due to inconsistencies among the 
.'j individual optical disk units, inconsistencies in 

CO sensitivities of the individual recording media, 

^'^ 15 deteriorated margins caused by temperature changes, 

I f| and the like • 

.rf^ — "1 y addition, when the op^cal disk is 

•"^ ^^otated at the hiqh rotational sp^d, the effects 



caused by warp and surface undulations of the 
20 optical disk and eccentricity^ of the optical disk 
become larger by the amount^ of increase in the 
rotational speed. In other words, an acceleration 
in a focus direction caused the surface undulations 
of the disk, and acceleration in a track direction 
25 caused by the eccenjkJricity of the optical disk 

respectively becojffe larger as the rotational speed 
becomes higher. Consequently, it becomes difficult 
to stably mainxain a focus servo state and a 
tracking ser^o state, and the focus and tracking 
30 servos becomie unstable and easily slip out of a 
locked s"t^te. 

Hence, when the recording medium such as 
the optical disk is rotated at a high speed in the 
conventional storage apparatus, there were problems 
35 in that there is a possibility that the read and/or 
write margin may become insufficient, and that it 
may become difficult to stably maintain the focus 



servo state and the tracking servo state. 



SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
rotation control method and storage apparatus, in 
which the problems described above are eliminated. 

Another and more specific object of the 
present invention is to provide a rotation control 
method and a storage apparatus, which can avoid a 
read and/or write margin from becoming insufficient 
as a rotational speed of a recording medium is 
increased to a high speed, and can stably maintain a 
focus servo state and a tracking servo state. 

Still another object of the present 
invention is to provide a rotation control method 
for rotating an optical recording medium at two or 
more kinds of rotational speeds, comprising the 
steps of (a) decreasing the rotational speed when a 
read or write margin becomes less than or equal to a 
first predetermined value or, when a frequency of 
generation of a servo abnormality of a tracking 
servo and/or a focus servo is greater than or equal 
to a first predetermined frequency, and (b) 
increasing the rotational speed when the read or 
write margin becomes greater than or equal to a 
second predetermined value or, when the frequency of 
generation of the servo abnormality of the tracking 
servo and/or the focus servo is less than or equal 
to a second predetermined frequency. According to 
the rotation control method of the present invention, 
it is possible to avoid the read and/or write margin 
from becoming insufficient as the rotational speed 
of the optical recording medium is increased to a 
high speed, and stably maintain the focus servo 
state and the tracking servo state. 

A further object of the present invention 
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is to provide a storage apparatus having a spindle 
motor which rotates an optical recording medium at 
two or more kinds of rotational speeds, comprising a 
first controller decreasing the rotational speed 
5 when a read or write margin becomes less than or 
equal to a first predetermined value or, when a 
frequency of generation of a servo abnormality of a 
tracking servo and/or a focus servo is greater than 
or equal to a first predetermined frequency, and a 
10 second controller increasing the rotational speed 
when the read or write margin becomes greater than 
or equal to a second predetermined value or, when 
the frequency of generation of the servo abnormality 

O 

^3 of the tracking servo and/or the focus servo is less 

CO 15 than or equal to a second predetermined frequency. 

According to the storage apparatus of the present 

if| invention, it is possible to avoid the read and/or 

write margin from becoming insufficient as the 
rotational speed of the optical recording medium is 

□ 20 increased to a high speed, and stably maintain the 

focus servo state and the tracking servo state. 
« Another object of the present invention is 

Q to provide a rotation control method for rotating an 

optical recording medium at two or more kinds of 
25 rotational speeds, comprising the steps of (a) 

decreasing the rotational speed when a power of a 
light irradiated on the optical recording medium 
exceeds a reference value, and (b) increasing the 
rotational speed when the power of the light has a 
30 margin greater than a predetermined value with 

respect to the reference value. According to the 
rotation control method of the present invention, it 
is possible to avoid the read and/or write margin 
from becoming insufficient as the rotational speed 
35 of the optical recording medium is increased to a 
high speed, and stably maintain the focus servo 
state and the tracking servo state. 



still another object of the present 
invention is to provide a storage apparatus having a 
spindle motor which rotates an optical recording 
medium at two or more kinds of rotational speeds, 
comprising a first controller decreasing the 
rotational speed when a power of a light irradiated 
on the optical recording medium exceeds a reference 
value, and a second controller increasing the 
rotational speed when the power of the light has a 
margin greater than a predetermined value with 
respect to the reference value. According to the 
storage apparatus of the present invention, it is 
possible to avoid the read and/or write margin from 
becoming insufficient as the rotational speed of the 
optical recording medium is increased to a high 
speed, and stably maintain the focus servo state and 
the tracking servo state. 

Other objects and further features of the 
present invention will be apparent from the 
following detailed description when read in 
conjunction with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a system block diagram showing 
the construction of a first embodiment of a storage 
apparatus according to the present invention; 

FIG. 2 is a cross sectional view showing 
the general construction of an enclosure; 

FIG. 3 is a diagram showing the 
relationships of a zone on an optical disk, a data 
transfer rate and a rotational speed of the optical 
disk ; 

FIG, 4 is a diagram showing the 
relationships of the data transfer rate and the 
rotational speed of the optical disk with respect to 
the zone on the optical disk; 

FIG. 5 is a flow chart for explaining the 
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operation of a MPU of the first embodiment; 

FIG. 6 is a flow chart for explaining the 
operation of the MPU of the first embodiment; 

FIG. 7 is a diagram showing the 
5 relationships of the zone on the optical disk, a 
recording or reproducing clock frequency and the 
rotational speed of the optical disk; 

FIG, 8 is a diagram showing the 
relationships of the zone on the optical disk, a 
10 recording or reproducing power and the rotational 
speed of the optical disk; 

FIG. 9 is a flow chart for explaining an 
eccentric acceleration information switching 

□ 

process; 

tiO 15 FIG. 10 is a diagram for explaining the 

i;^ eccentric acceleration information switching 

m process; 

FIG= 11 is a diagram for explaining a 
buffer region provided on the optical disk; 
3 20 FIG. 12 is a flow chart for explaining a 

flag operating process of the first embodiment; 

FIG. 13 is a flow chart for explaining the 
O flag operating process in more detail; 

FIG. 14 is a flow chart for explaining the 
25 flag operating process in more detail; 

FIG. 15 is a flow chart for explaining the 
flag operating process in more detail; 

FIG. 16 is a diagram for explaining a case 
where it is judged better to set the rotational 
3 0 speed to a low speed; 

FIG. 17 is a flow chart for explaining a 
case where the rotational speed makes a transition 
to the low speed; 

FIG. 18 is a flow chart for explaining the 
35 case where the rotational speed makes the transition 
to the low speed; 

FIG. 19 is a flow chart for explaining a 
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flag operating process of a second embodiment of the 
storage apparatus according to the present 
invention; and 

FIG. 20 is a flow chart for explaining the 
5 flag operating process of the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will be given of embodiments 
of a rotation control method according to the 
10 present invention and a storage apparatus according 
to the present invention, by referring to the 
drawings . 

First, a description will be given of a 
fej first embodiment of the storage apparatus according 

^=3 15 to the present invention, by referring to FIGS. 1 

and 2. FIG. 1 is a system block diagram showing the 
in construction of this first embodiment of the storage 

j;^ apparatus. In this first embodiment of the storage 

apparatus, the present invention is applied to an 
□ 20 optical disk unit- In addition, this first 

embodiment of the storage apparatus employs a first 
embodiment of the rotation control method according 
to the present invention. 

As shown in FIG. 1, the optical disk unit 
25 generally includes a control unit 10 and an 

enclosure 11. The control unit 10 includes a 
microprocessor unit (MPU) 12 which generally 
controls the operation of the optical disk unit, an 
interface 17 which exchanges commands and data 
30 between a host unit (not shown) , an optical disk 
controller (ODC) 14 which carries out processes 
required to read and write data with respect to an 
optical disk (not shown), a digital signal processor 
(DSP) 16, and a memory 18. The memory 18 is used in 
35 common by the MPU 12, the ODC 14 and the interface 
14, and for example, includes a dynamic random 
access memory (DRAM) , a nonvolatile memory which 
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stores control programs and flag information, or the 
like. A crystal oscillator 101 is coupled to the 
MPU 12. 

The ODC 14 includes a formatter 14-1 and 
5 an error correction code (ECC) processor 14-2. At 
the time of a write access, the formatter 14-1 
divides NRZ write data into sector units of the 
optical disk and generates a recording format, and 
the ECC processor 14-2 generates and adds an ECC 
10 with respect to sector write data units and also 

generates and adds if necessary a cyclic redundancy 
check (CRC) code. Further, the ECC processor 14-2 
converts the sector data with the encoded ECC into a 

□ 

1-7 run length limited (RLL) code, for example. 

f!3 15 At the time of a read access, a reverse 

11 

conversion of the 1-7 RLL is carried out with 
m respect to the sector data, and after carrying out 

the CRC, the error detection and error correction 
using the ECC are carried out in the ECC processor 
O 20 14-2. Further, the NRZ data in sector units are 

connected in the formatter 14-1 so as to transfer a 
NRZ read data stream to the host unit. 
(13 A write large scale integrated (LSI) 

circuit 20 is provided with respect to the ODC 14. 
25 This write LSI circuit 20 includes a write modulator 
21 and a laser diode control circuit 22. A control 
output of the laser diode control circuit 22 is 
supplied to a laser diode unit 30 which is provided 
in an optical unit of the enclosure 11. The laser 
30 diode unit 30 integrally includes a laser diode 30-1 
and a monitoring detector 30-2. The write modulator 
21 converts the write data into the data format of 
the pit position modulation (PPM) recording (or mark 
recording) or, a pulse width modulation (PWM) 
35 recording (or edge recording). 

When recording and reproducing data with 
respect to the optical disk using the laser diode 
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unit 30, this embodiment uses a writable magneto- 
optical (MO) cartridge medium employing the PWM 
recording which records the data in correspondence 
with the existence of mark edges on the optical disk. 
5 In addition, the recording format used by the 

optical disk is a 1,3 GB format using magnetic super 
resolution (MSR) and the ZCAV system. When the 
optical disk is loaded into the optical disk unit, 
an identification (ID) portion of the optical disk 
10 is first read, so as to recognize the type (storage 
capacity and the like) of the optical disk in the 
MPU 12 based on pit intervals of the ID portion. 
The MPU 12 notifies the recognition result 

O 

s,3 indicating the type of optical disk to the ODC 14. 

tiy 15 A read LSI circuit 24 is provided as a 

read system with respect to the ODC 14. A read 
[fl demodulator 25 and a frequency synthesizer 26 are 

''■^ provided in the read LSI circuit 24. An ID/MO 

ri 

"~ detector 32 of the enclosure 11 detects a laser beam 

li 

□ 20 emitted from the laser diode 30-1 and returned via 

Y'^ the optical disk, and a detection signal from this 

[= ID/MO detector 32 is input as an ID signal and a MO 

113 signal to the read LSI circuit 24 via a head 

amplifier 34. 

25 The read demodulator 25 of the read LSI 

circuit 24 includes the functions of circuits such 
as an automatic gain control (AGC) circuit, a filter 
and a sector mark detection circuit. Hence, the 
read demodulator 25 generates a read clock and read 

30 data from the input ID signal and MO signal, and 

demodulates the PWM data back into the original NRZ 
data. In addition, since the ZCAV system is 
employed, the MPU 12 controls a setting of a 
frequency dividing ratio with respect to the 

35 frequency synthesizer 26 of the read LSI circuit 24 
in order to generate a clock frequency in 
correspondence with the zone. 
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The frequency synthesizer 26 is a phase 
locked loop (PLL) circuit having a programmable 
frequency divider, and generates as a read clock a 
reproducing reference clock having a predetermined 
5 specific frequency depending on the zone position on 
the optical disk. In other words, the frequency 
synthesizer 26 is formed by the PLL circuit having 
the programmable frequency divider, and in a normal 
mode, generates the recording and/or reproducing 
10 reference clock having a frequency fo based on fo = 
(m/n)fi according to a frequency dividing ratio m/n 
which is set by the MPU 12 depending on a zone 
number , 

A denominator n of the frequency dividing 

15 ratio m/n is a specific value depending on the type 
of optical disk. In addition, a numerator m of the 
frequency dividing ratio m/n is a value which 
changes depending on the zone position on the 
optical disk, and table information of the values 

20 corresponding to the zone numbers are prepared in 
advance with respect to each type of optical disk. 
Moreover, fi denotes a recording and/or reproducing 
reference clock frequency generated outside the 
frequency synthesizer 26. 

25 The read data demodulated in the read LSI 

circuit 24 is supplied to the read system of the ODC 
14, and after carrying out the reverse conversion of 
the 1-7 RLL, the CRC and the ECC processes are 
carried out by the encoding function of the ECC 

30 processor 14-2 so as to restore the original NRZ 
data. Next, the formatter 14-1 connects and 
converts the NRZ sector data into the NRZ data 
stream, and this NRZ read data stream is transferred 
to the host unit via the memory 18 and the interface 

35 17 , 

A detection signal from a temperature 
sensor 36 provided in the enclosure 11 is supplied 



with respect to the MPU 12 via the DSP 16. Based on 
an environmental temperature within the optical disk 
unit detected by the temperature sensor 36, the MPU 
12 controls the light emission powers for the read, 
write and erase in the laser diode control circuit 
22 . 

The MPU 12 controls a spindle motor 40 
provided in the enclosure 11 via the DSP 16 and a 
driver 38 • In this embodiment, since the ZCAV 
system is employed as the recording format of the 
optical disk, the spindle motor 40 is rotated at a 
constant speed of 3637 rpm, for example. 

In addition, the MPU 12 controls an 
electromagnet 44 provided in the enclosure 11 via 
the DSP 16 and a driver 42. The electromagnet 44 is 
arranged on a side opposite to the side of the 
optical disk on which the laser beam is irradiated 
within the optical disk unit which is loaded with 
this optical disk. This electromagnet 44 supplies 
an external magnetic field on the optical disk at 
the time of the recording and erasure. In the case 
of the optical disk having the 1.3 GB format 
employing the MSR, the electromagnet 44 also 
supplies the external magnetic field on the optical 
disk at the time of the MSR reproduction. 

The DSP 16 is provided with a servo 
function for positioning the laser beam from the 
laser diode 30-1 with respect to the optical disk, 
and functions as a seek controller and an on-track 
controller which enable the laser beam to seek a 
target track and to be positioned on the target 
track. The seek control and the on-track control 
may be carried out simultaneously in parallel with 
the write access or the read access of the MPU 12 
with respect to a host command. 

In order to realize the servo function of 
the DSP 16, a focus error signal (FES) detector 45 
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is provided in the optical unit of the enclosure 11 
so as to detect the laser beam emitted from the 
laser diode 30-1 and returned via the optical disk. 
A FES detection circuit 46 generates a FES El from a 
5 detection signal received from the FES detector 45, 
and inputs this FES El to the DSP 16. 

A tracking error signal (TES) detector 47 
is also provided in the optical unit of the 
enclosure 11 so as to detect the laser beam emitted 
10 from the laser diode 30-1 and returned via the 

optical disk. A TES detection circuit 48 generates 
a TES E2 from a detection signal received from the 
□ TES detector 47, and inputs this TES E2 to the DSP 

::3 16. The TES E2 is also input to a track zero 

15 crossing (TZC) detection circuit 50, and this TZC 

detection circuit 50 generates a TZC signal E3 which 
is input to the DSP 16. 

A lens position sensor 54 is provided in 
the enclosure 11. This lens position sensor 54 
20 detects a position of an object lens through which 

the laser beam is irradiated on the optical disk. A 
lens position detection signal (LPOS) E4 from the 
lens position sensor 54 is input to the DSP 16. The 
DSP 16 controls and drives a focus actuator 60, a 
25 lens actuator 64 and a voice coil motor (VCM) 68 via 
corresponding drivers 58, 62 and 66, so as to 
control the position of a beam spot formed by the 
laser beam on the optical disk. 

FIG. 2 is a cross sectional view showing 
30 the general construction of the enclosure 11. As 
shown in FIG. 2, the spindle motor 40 is provided 
within a housing 67. By inserting a MO cartridge 70 
into the housing 67 from the side of an inlet door 
69, an optical disk (MO disk) 72 accommodated within 
35 the MO cartridge 70 engages a rotary shaft of the 
spindle motor 40, thereby loading the optical disk 
72 with respect to the optical disk unit. 
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A carriage 76 is provided below the loaded 
optical disk 72 within the MO cartridge 70. This 
carriage 76 is freely movable in a direction which 
traverses tracks on the optical disk 72 when driven 
by the VCM 64. An objective lens 80 is mounted on 
the carriage 76. The laser beam emitted from the 
laser diode 30-1 which is provided within a fixed 
optical system 78 is reflected by a mirror 82, and 
is irradiated on the recording surface of the 
optical disk 72 via the objective lens 80, thereby 
forming a beam spot on the recording surface. 

The movement of the objective lens 80 
along an optical axis is controlled by the focus 
actuator 60 of the enclosure shown in FIG. 1. In 
addition, the objective lens 80 is movable in a 
radial direction which traverses the tracks on the 
optical disk 72 by the lens actuator 64, within a 
range of several tens of tracks. The position of 
the objective lens 80 mounted on the carriage 76 is 
detected by the lens position sensor 54 shown in FIG 
1. The lens position sensor 54 outputs the lens 
position detection signal E4 which takes a value 
zero at a neutral position where the optical axis of 
the objective lens 80 is perpendicular to the 
recording surface of the optical disk 72, and has a 
magnitude and a polarity depending on the amount the 
optical axis of the objective lens 80 moves towards 
the inner or outer peripheral side of the optical 
disk 72. 

Since the ZCAV system is employed, the 
optical disk 72 is divided into a plurality of zones 
in the radial direction thereof. In the normal mode 
the optical disk 72 is rotated at a constant 
rotational speed by the spindle motor 40, and the 
recording and/or reproducing reference clock has the 
same frequency within each of the zones. In 
addition, the frequency of the recording and/or 
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reproducing clock is set higher for the outer 
peripheral side of the optical disk 72 than the 
inner peripheral side of the optical disk 72. In 
this embodiment, this optical disk 72 is divided 
5 into a number of areas less than or equal to the 
number of zones, from the outer peripheral side to 
the inner peripheral side of the optical disk 72, 
Furthermore, the spindle motor 40 is controlled so 
that the rotational speed of the optical disk 72 
10 becomes higher towards the inner peripheral side for 
every area. In other words, in a high-speed mode, 
the rotational speed of the optical disk 72 is 

p switched in each area by a number of times such that 

. ==1 

undesirable effects on the random access performance 

i:q 

15 are suppressed, and the recording and/or reproducing 
l!0 clock and the recording and/or reproducing power in 

'J the laser diode control circuit 22 are switched 

O accordingly* Hence,- in the normal mode, a high 

=; random access performance is obtained because the 

20 optical disk 72 which employs the ZCAV system is 
M used in conformance with the ZCAV system. On the 

'■■'^ other hand, in the high-speed mode, a high data 

i'J transfer rate is obtained during the recording 

and/or reproduction with respect to the optical disk 
25 72 because the optical disk 72 which employs the 
ZCAV system is used in conformance with a kind of 
ZCLV system. 

In the normal mode, the rotational speed 
of the optical disk 72 is controlled to be constant. 
30 On the other hand, the rotational speed of the 
optical disk 72 is switched and controlled in a 
plurality of stages. 

FIG. 3 is a diagram showing the 
relationships of the zone on the optical disk 72, 
35 the data transfer rate and the rotational speed of 
the optical disk 72. For the sake of convenience, 
FIG. 3 shows a case where one area is made up of 



zone units, but as described above, the relationship 
between the area and the zone is not limited to that 
shown in FIG. 3. In addition, FIG, 4 is a diagram 
showing the relationships of the data transfer rate 
and the rotational speed of the optical disk 72 with 
respect to the zone on the optical disk 72. In FIG. 
4, a rectangular mark indicates the data transfer 
rate, and a triangular mark indicates the rotational 
speed of the optical disk 72. FIGS. 3 and 4 show 
the relationships for a case where the optical disk 
72 has a storage capacity of 1.3 GB and the 
rotational speed of the optical disk 72 can be 
switched among three rotational speeds in the high- 
speed mode. Furthermore, it is assumed for the sake 
of convenience that a zone 0 is located on the outer 
peripheral side of the optical disk 72 and a zone 17 
is located on the inner peripheral side of the 
optical disk 72. 

In the high-speed mode, in the zone 17 
located at the innermost peripheral side of the 
optical disk 72, for example, the rotational speed 
of the optical disk 72 is switched to 5001 rpm, and 
the data transfer rate is 4097 Kbyte/s. In the 
normal mode, the rotational speed is 3637 rpm and 
the data transfer rate is 2979 Kbyte/s in the zone 
17, and it may be seen that the data transfer rate 
is improved in the high-speed mode. Accordingly, it 
is possible to obtain a desired data transfer rate 
on the order of approximately 3700 to 3800 Kbyte/s. 
In this embodiment, the upper limit of the data 
transfer rate is restricted to 5121 Kbyte/s or less 
due to a limit frequency of the circuit, and for 
this reason, it is not possible to operate at the 
rotational speed of 5001 rpm in the zones 0 through 
10 located on the outer peripheral side of the zone 
11. However, the rotational speeds and the data 
transfer rates which are switched are of course not 



-18- 



limited to those shown in FIGS. 3 and 4, and the 
number of switchable rotational speeds is not 
limited to three. 

In the case of a continuous data such as 
5 video and music data amounting to a large amount of 
data, the video or music stops during the recording 
and/or reproduction to generate an image distortion, 
frame dropout and the like, unless the data transfer 
rate is maintained over a reference value. The data 
10 transfer rate during the recording and/or 

reproduction of a digital video (DV) format is 3700 
to 3800 Kbyte/s, and the image and sound becomes 
discontinuous if the data transfer rate is lower 



J;^ than this data transfer rate range. In the case 

13 15 shown in FIG. 3, the data transfer rate is lower 
W than 3700 Kbyte/s on the inner peripheral side of 

■'U the zones 12 through 17 when the rotational speed is 

3i est 

p 3637 rpm, and it may be seen that this data transfer 

rate is not suited for the recording and/or 

20 reproduction of the continuous data such as the 
l-.i. video and music data amounting to the large amount 

of data. Hence, the rotational speed is switched to 
if 5001 rpm, so that the data transfer rate of 3700 to 

3800 Kbyte/s is guaranteed from the inner peripheral 

25 side to the outer peripheral side of the optical 
disk 72. Because of the limit frequency of the 
circuit, it is not possible to set the rotational 
speed to 5001 rpm or higher at all areas on the 
optical disk 72, and for this reason, an area where 

30 the rotational speed is set to 4138 rpm is also 

provided on the optical disk 72. In this manner, 
the rotational speed of the optical disk 72 is 
changed depending on the area, so that the data 
transfer rate becomes 3700 to 3800 Kbyte/s or 

35 greater at all areas from the inner peripheral side 
to the outer peripheral side of the optical disk 72. 
FIGS. 5 and 6 are flow charts for 
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explaining the operation of the MPU 12 of this 
embodiment . 

In FIG. 5, a step SI decides whether or 
not a recording or reproducing instruction is issued 
5 from the host unit. If the decision result in the 
step SI is YES, a step S2 decides whether or not a 
normal mode, that is, a low-speed rotation fixed 
mode of the ZCAV system, is instructed. If the 
decision result in the step S2 is YES, a step S3 
10 sets a low-speed rotation request, and the process 

advances to a step S21 shown in FIG. 6 which will be 
described later. 

On the other hand, if the decision result 
in the step S2 is NO, a kind of mode of the ZCLV 
p 15 system is instructed, and thus, a step S4 decides 

whether or not the present recording or reproducing 
position is located at a position recordable or 
□ reproducible in the high-speed mode, that is, 

whether or not the present recording or reproducing 
iTs 20 position is located on the inner peripheral side of 

is* 

a position where a high-speed rotation is possible. 
:;r if the decision result in the step S4 is NO, a step 

S5 decides whether or not the present recording or 
reproducing position is on the outermost peripheral 

25 side of the optical disk 72, that is, in a vicinity 
of a leading region of the optical disk 72. If the 
decision result in the step S5 is NO, a step S6 
initializes an inner access counter within the MPU 
12, a step S7 initializes an inner access time 

30 managed within the MPU 12, and the process advances 
to the step S3. In addition, if the decision result 
in the step S5 is YES, a step S8 decreases a value 
of the inner access counter by a , a step S9 
increases a value of the inner access time by iS , 

35 and the process advances to the step S3. 

Therefore, in the leading region of the 
optical disk 72, the conditions for Judging 
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continuity of the access is relaxed, so that the 
rotational speed increases more easily. Regions for 
managing a state of use of the files, such as a FAT 
region and a directory region, are provided in the 
5 leading region of the optical disk 72. Even when 
the host unit carries out a sequential process with 
respect to a region on the inner peripheral side of 
the optical disk 72, an access to the leading region 
is generated since the directory region is 
10 occasionally updated in order to update or add the 
file information. Accordingly, by relaxing the 
conditions for judging the continuity of the access, 

f;3 even if the rotational speed decreases due to the 

updating of only the directory information during 
15 the sequential process, the rotational speed 

iO increases before the random access so as to prevent 

f n 

the random access performance from deteriorating, 
p If the decision result in the step S4 is 

YES, a step Sll decides whether or not the 
jl 20 continuity of the access needs to be Judged. The 

M process advances to a step S15 which will be 

described later if the decision result in the step 
Sll is NO. ON the other hand, if the decision 
result in the step Sll is YES, a step S12 increments 
25 the inner access counter by one, and a step S13 

decides whether or not the value of the inner access 
counter is greater than or equal to a prescribed 
value. The process advances to the step S3 if the 
decision result in the step S13 is NO, and the 
30 process advances to a step S14 if the decision 

result in the step S13 is YES. The step S14 decides 
whether or not a prescribed time has elapsed from a 
last outer access which is made in a low-speed mode, 
and the process advances to the step S3 if the 
35 decision result in the step S14 is NO. If the 
decision result in the step S14 is YES or the 
decision result in the step Sll is NO, the step S15 
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sets a high-speed rotation request for recording or 
reproducing in the high-speed mode, and the process 
advances to the step S21 shown in FIG, 6. 

The prescribed time described above is set 
5 so that the rotational speed of the optical disk 72 
which once decreases does not easily increase again, 
to thereby prevent deterioration of the random 
access performance and the decrease of the data 
transfer rate which would otherwise occur if the 
10 rotational speed were frequently switched. 

In FIG. 6, the step S21 decides whether or 
not the high-speed rotation request exists, and the 
process advances to a step S22 if the decision 

result in the step S21 is NO. The step S22 decides 

i'y 

.•i 15 whether or not the present mode is the normal mode, 

iQ that is, the optical disk 72 is undergoing low-speed 

rotation. If the decision result in the step S22 is 
YES, a step S23 carries out a seek to a target track 
on the optical disk 72, to carry out a recording or 
20 reproduction. If the decision result in the step 

l.il 

S22 is NO, a step S24 sets a low-speed rotation 
=== switching request, and the process advances to a 

;f step S27 which will be described later. 

If the decision result in the step S21 is 

25 YES, a step S25 decides whether or not the present 
mode is the high-speed mode, that is, the optical 
disk 72 is undergoing a high-speed rotation. The 
process advances to the step S23 if the decision 
result in the step S21 is YES. If the decision 

30 result in the step S25 is NO or after the step S24, 
the step S27 turns OFF the tracking servo based on 
the TES E2. A step S28 decides whether or not the 
high-speed rotation request exists. If the decision 
result in the step 828 is NO, a step S29 turns OFF 

35 the focus servo based on the FES El, and turns OFF 
the laser diode 30-1, in order to prevent the data 
on the optical disk 72 from being destroyed. If the 
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decision result in the step S28 is YES or after the 
step S29 , a step S30 starts switching of the 
rotational speed. The switching of the rotational 
speed may be carried out based on a table which 
5 indicates the relationships shown in FIG. 3, for 

example, by storing the table in the memory 18, for 
example . 

A step S31 changes eccentric acceleration 
information depending on the new rotational speed of 
10 the optical disk 72 after the switching of the 
rotational speed. The eccentric acceleration 
information is changed by replacing contents 
(eccentric acceleration information) of an eccentric 



acceleration table within the memory 18, for example, 
15 or by recalculating the eccentric acceleration 
i-Q information, depending on the new rotational speed. 

\M The eccentric acceleration information relates to 

!!r the acceleration which is generated due to the 

eccentricity of the optical disk 72, and will be 
20 described later. A step S32 changes various 

recording or reproducing parameters which are used 
during the recording or reproduction, depending on 
the new rotational speed. A step S33 confirms the 
stabilized rotation of the optical disk 72. A step 
25 S34 turns ON the laser diode 30-1 if the laser diode 
30-1 is OFF. A step S35 turns ON the focus servo if 
the focus servo is OFF. In addition, a step S36 
turns ON the tracking servo if the tracking servo is 
OFF, and the process advances to the step S23. 
30 By the operation described above, it is 

possible to carry out a process (1) which switches 
and sets between the low-speed rotation fixed mode 
and the rotational speed switching mode, and a 
process (2) which switches and sets whether or not 
35 to judge the continuity of the access in the 

rotational speed switching mode. The process (1) 
can be carried out by setting a flag which is used 
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for the decision in the step S2 shown in FIG. 5. In 
addition, the process (2) can be carried out by- 
setting a flag which is used for the decision in the 
step Sll shown in FIG. 5 in a state where the 
5 process (1) sets the rotational speed switching mode 
Methods of setting these flags are not limited to 
specific methods. For example, a method which sets 
the mode from the host unit, a method which sets the 
mode in a nonvolatile memory within the memory 18, 
10 and a method which writes mode setting information 
on the optical disk 72 from the host unit and sets 
the mode based on the written mode setting 

.^^ information may be used to set these flags. 

^3 The recording or reproducing parameters 

^9 15 set in the step S32 shown in FIG. 6 include the 

O 

in recording or reproducing clock frequency and the 

in recording or reproducing power of the laser diode 

30-1. FIGS. 7 and 8 are diagrams for explaining the 
recording or reproducing parameters which are 
2 0 changed. 

FIG. 7 is a diagram showing the 
relationships of the zone on the optical disk 72, 
the recording or reproducing clock frequency and the 
rotational speed of the optical disk 72. In FIG. , 
25 the unit of the recording or reproducing clock 
frequency is MHz. 

FIG. 8 is a diagram showing the 
relationships of the zone on the optical disk 72, 
the recording or reproducing power and the 
30 rotational speed of the optical disk 72. In FIG. 8, 
a rectangular mark indicates a case where the 
rotational speed is 3637 rpm, a triangular mark 
indicates a case where the rotational speed is 4138 
rpm, and a circular mark indicates a case where the 
35 rotational speed is 5001 rpm. 

For example, as proposed in a Japanese 
Laid-open Patent Application No . 11 -73669 , a test 
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write obtains an error quantity of an optimum 
recording or reproducing power with respect to a 
default recording or reproducing power of a power 
default table, so as to optimize the recording or 
5 reproducing power. For this reason, this embodiment 
does not need to carry out the test write every time 
the rotational speed is switched. In other words, 
when the rotational speed is switched, it is only 
necessary to switch the power default table 
10 corresponding to each rotational speed, and the 
optimum recording or reproducing power at each 
rotational speed can be optimized by correcting the 
default recording or reproducing power of the 
corresponding power default table by the same error 
tig 15 quantity, 

j;^ Furthermore, this embodiment can minimize 

lf| the processing time, because the process of changing 

the parameters dependent on the rotational speed of 

□ 

the optical disk 72, such as the eccentric 
l!3 20 acceleration information and the recording or 

reproducing parameters, is carried out in parallel 
with the process of switching the rotational speed. 
□ FIG. 9 is a flow chart for explaining an 

eccentric acceleration information switching process 

25 of the step S31 shown in FIG. 6. In this embodiment, 
it is assumed for the sake of convenience that the 
eccentric acceleration information switching process 
is carried out by the DSP 16 under the control of 
the MPU 12. In FIG. 9, a step S41 decides whether 

30 or not the eccentric acceleration information at the 
new rotational speed of the optical disk 72 is 
already measured in the past. If the decision 
result in the step S41 is NO, a step S42 sets an 
eccentric acceleration information remeasuring 

35 request, and the process ends. Hence, the eccentric 
acceleration information at the new rotational speed 
is measured by a known method and is stored in the 



eccentric acceleration table. For example, methods 
of measuring and learning the eccentric acceleration 
information are proposed in a Japanese Laid-Open 
Patent Application No . 2000-339729 . 

On the other hand, if the decision result 
in the step S41 is YES, a step S43 provides a backup 
for the eccentric acceleration information 
corresponding to the old rotational speed and stored 
in the memory within the DSP 16 or in the memory. 18. 
A step S44 develops the eccentric acceleration 
information corresponding to the new rotational 
speed in the memory within the DSP 16 or in the 
memory 18. A step S45 sets a flag with respect to 
the eccentric acceleration information corresponding 
to the old rotational speed, and the process ends. 

The eccentric acceleration information 
changes when the rotational speed of the optical 
disk 72 changes, and thus, it is necessary to obtain 
the eccentric acceleration information depending on 
the rotational speed. Because it takes time to 
measure and store the eccentric acceleration 
information, it is desirable not to carry out the 
process of remeasuring the eccentric acceleration 
information as much as possible when the rotational 
speed is switched. Hence, this embodiment decides 
whether or not the eccentric acceleration 
information corresponding to the new rotational 
speed is already measured, and if in the affirmative, 
this embodiment merely replaces the contents of the 
eccentric acceleration table, so as to minimize the 
processing time by omitting the remeasuring process. 

FIG. 10 is a diagram for explaining the 
eccentric acceleration information switching process 
of the step S31 shown in FIG. 6. More particularly, 
FIG. 10 is a diagram for explaining a case where the 
eccentric acceleration information is switched by 
calculation. In FIG. 10, the ordinate indicates the 
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eccentric acceleration in arbitrary units, and the 
abscissa indicates a memory cell number in the 
memory within the DSP 16 or in the memory 18. In 
addition, a rectangular mark indicates the eccentric 
5 acceleration corresponding to a case where the 
rotational speed is 5001 rpm, and a diamond mark 
indicates the eccentric acceleration corresponding 
to a case where the rotational speed is 3637 rpm. 
In the DSP 16, a reference signal 

10 indicating one rotation of the optical disk 72 is 
generated based on a signal obtained via the read 
LSI circuit 24 and the ODC 14. This reference 
signal maintains the relationship with respect to a 
position along a circumferential direction of the 

15 optical disk 72 even when the rotational speed of 
the optical disk 72 changes. Accordingly, the DSP 
16 calculates the eccentric acceleration information 
(eccentric acceleration transition) amounting to one 
rotation based on the reference signal, and 

20 successively stores the eccentric acceleration 

information in the memory cell numbers of the memory 
within the DSP 16 or within the memory 18. For the 
sake of convenience, FIG. 10 shows a case where the 
eccentric acceleration information of the eccentric 

25 acceleration table corresponding to the rotational 
speed of 5001 rpm is calculated from the eccentric 
acceleration information of the eccentric 
acceleration table corresponding to the rotational 
speed of 3637 rpm. Accordingly, the eccentric 

30 acceleration in this case becomes (5001/3637)^ times 
when the rotational speed of the optical disk 72 
changes, and an eccentric acceleration table is 
calculated in which the eccentric acceleration 
information stored in the memory cell numbers is 

35 multiplied by (5001/3637)^. Furthermore, since the 
elapsed time corresponding to one memory cell is 
multiplied by (3637/5001), if an updating time of 



the memory cells for the case where the rotational 
speed is 3637 rpm is denoted by 1, the parameters 
are set with respect to the DSP 16 so that the 
memory cells are updated 1 x (3637/5001) at a time 
for the case where the rotational speed is 5001 rpm. 

Therefore, according to this embodiment, 
it is possible to an optimum random access 
performance or data transfer rate depending on the 
needs, by switching the table of the recording or 
reproducing parameters , such as the recording or 
reproducing clock frequency, the recording or 
reproducing power and the eccentric acceleration 
information, when the rotational speed of the 
optical disk 72 is switched. 

FIG. 11 is a diagram for explaining a 
buffer region provided on the optical disk 72. As 
indicated by a rectangular surrounding mark in FIG. 
11, the buffer region may be provided at a boundary 
portion of the optical disk 72 between a region 
which is accessible in the normal mode and a region 
which is accessible in the high-speed mode. In this 
case, when an access request to the region which is 
accessible in the high-speed mode is generated in 
the normal mode, it is detected that the access is 
generated with respect to the region located on the 
inner peripheral side of the buffer region on the 
optical disk 72, and the optical disk 82 is rotated 
at the high rotational speed to switch the mode to 
the high-speed mode. In other words, the operation 
of the MPU 12 in this case is substantially the same 
as the operation of the first embodiment, except 
that the buffer region is recognized. 

When an access request to a certain region 
on the outer peripheral side of the optical disk 72 
is generated in the high-speed mode, and this 
certain region is the buffer region, it is possible 
not to immediately switch to the normal mode, but to 
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switch to the normal mode when an access request to 
a region on the outer peripheral side of the buffer 
region is generated. In addition, when an access 
request to a region of the optical disk 72 
5 accessible in the high-speed mode is generated, it 
is possible not to immediately switch the rotational 
speed of the optical disk 72 to the high rotational 
speed, but to measure the state of the access and to 
switch the rotational speed to the high rotational 
10 speed only when an access to a region located on the 
inner peripheral side of the buffer region of the 
optical disk 72 is consecutively generated, 
p Moreover, when an access request to a region on the 

^^'3 outer peripheral side of the optical disk 72 is 

15 generated during access to a region on the inner 
f;y peripheral side of the optical disk 72 in the high- 

^=2 speed mode, it is also possible to immediately 

13 switch the rotational speed of the optical disk 72 

Si to the rotational speed of the region on the outer 

20 peripheral side of the optical disk 72, 

i. iJ 

hi Accordingly, by providing the buffer 

region on the optical disk 72 and switching the 
!~ rotational speed of the optical disk 72 in a 

hysteresis manner, frequent occurrences of the 

25 consecutive access and switching of the rotational 
speed can be suppressed, so that it is possible to 
prevent deterioration of the random access 
performance and the data transfer rate. 

As a modification of the first embodiment 

30 described above, it is possible to disable the mode 
switching operation, so that the mode is fixed to 
the normal mode or the high-speed mode. In this 
case, the MPU 12 can disable the mode switching 
operation in response to a mode fixing request from 

35 the host unit. Such a mode fixing request may be 

generated based on an instruction from the user who 
uses the host unit or, generated by linking with an 
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application software of the host unit. 

When the optical disk 72 is rotated at the 
high speed, there is a possibility that 
inconveniences may occur. The inconveniences are 
5 that the read and/or write margin may become 

insufficient, and the focus servo and the tracking 
servo may become unstable. Hence, in this 
embodiment, the rotational speed of the optical disk 
72 is decreased when such inconveniences occur, so 
10 as to increase the read and/or write margin and to 
stabilize the focus servo and the tracking servo. 

More particularly, when it is judged that 
ij the read and/or write performance is deteriorating 

".3 during the high-speed rotation of the optical disk 

I't 15 72, the rotational speed of the optical disk 72, 

|;g that is, the rotational speed of the spindle motor 

40, is decreased. In addition, when it is Judged 
that a sufficient read and/or write margin can be 
secured even if the rotational speed of the optical 
20 disk 72 which is rotating at the low speed is 

increased back to the high speed, the rotational 
speed of the optical disk 72 is increased. 
l'"^ On the other hand, when the eccentricity 

of the optical disk 72 is measured at the time of 
25 loading the optical disk 72 into the optical disk 
unit and the amount of eccentricity is extremely 
large, the rotational speed of the optical disk 72 
is decreased to the low speed because the focus 
servo and the tracking servo may become unstable in 
30 the state where the optical disk 72 rotates at the 
high speed. Moreover, when the focus servo and/or 
the tracking servo slips out of the locked state 
(servo abnormality occurs) at a high frequency of 
occurrence, there is a high possibility that the 
35 servo will stabilize if the rotational speed of the 
optical disk 72 is decreased to the low speed. It 
may be regarded that the state in which the amount 
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of eccentricity is large, that is, the state in 
which the servo abnormality occurs at a high 
frequency of occurrence, will continue until the 
optical disk 72 is unloaded and ejected from the 
5 optical disk unit. Accordingly, when the rotational 
speed of the optical disk 72 is decreased to the low 
speed in such a state, the low speed is maintained 
until the optical disk 72 is ejected from the 
optical disk unit. 
10 In the following description, a "low-speed 

rotation" and a "high-speed rotation" respectively 
refer to the rotating state of the optical disk 72, 
^2 that is, the rotating state of the spindle motor 40. 

^3 For the sake of convenience, it is assumed in this 

15 embodiment that the "high-speed rotation" is one of 
Eg the rotational speeds in the high-speed mode, and 

IT the "low-speed rotation" is the rotational speed in 

the normal mode, but the "hiah-speed rotation" and 
e; the "low-speed rotation" are of course not limited 

20 to such. For example, in a case where the optical 
disk unit does not have the normal mode and the 
high-speed mode, the "high-speed rotation" may refer 
to a rotational state of the optical disk during 
normal use, and the "low- speed rotation" may refer 
25 to a special auxiliary state when it is judged that 
there is no sufficient read and/or write margin. 

Next, a description will be given of a 
flag operating process of this first embodiment. 
FIG. 12 is a flow chart for explaining the flag 
30 operating process of this first embodiment, and 

corresponds to the first embodiment of the rotation 
control method. The process shown in FIG. 12 is 
carried out by the MPU 12. 

The flag operating process shown in FIG. 
35 12 is started when the MPU 12 receives a read or 

write command which is issued from the host unit. A 
step S51 switches the rotational speed of the 
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optical disk 72 depending on a low-speed rotation 
request flag. A step S52 carries out a known test 
write process, if necessary. A step S53 operates on 
the low-speed rotation request flag depending on a 
5 result of the test write process. A step S54 

carries out a process on a target track, and a step 
S55 carries out a learning process with respect to 
the read or write process, if necessary. A step S56 
carries out an operation on the low-speed rotation 
10 request flag depending on a result of the learning 
process, and the flag operating process ends. 

In other words, when the write command is 
p issued from the host unit, for example, the 

•3 rotational speed is switched depending on the low- 

15 speed rotation request flag. If the optical disk 72 
1:3 is in the high-speed rotation state and the low- 

^'2 speed rotation request flag is set, the state is 

113 switched to the low-speed rotation state. On the 

other hand, if the optical disk 72 is in the low- 
20 speed rotation state and the low-speed rotation 
Is, request flag is cleared (reset), the state is 

'■'^ switched to the high-speed rotation state. 

'^2 Thereafter, the test write process is carried out if 

necessary, and the operation is carried out on the 
25 low-speed rotation request flag depending on the 
result of the test write process. During the 
process carried out on the target track, a known 
erase-write-verif y process is carried out with 
respect to the target track. The learning process 
30 is carried out, if necessary, depending on the 

result of this process carried out with respect to 
the target track. Then, the operation is carried 
out on the low-speed rotation request flag depending 
on the result of the learning process, 
35 FIGS. 13 through 15 are flow charts for 

explaining in more detail the flag operating process 
shown in FIG. 12. 
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In FIG. 13, a step S61 decides whether or 
not the low-speed rotation request flag is set. If 
the decision result in the step S61 is YES, a step 
S62 decreases the rotational speed of the spindle 
5 motor 40 to the low-speed rotation state if the 

spindle motor 40 is in the high-speed rotation state. 
On the other hand, if the decision result in the 
step S61 is NO, a step S63 increases the rotational 
speed of the spindle motor 40 to the high-speed 
10 rotation state if the spindle motor 40 is in the 

low-speed rotation state. After the step S62 or S63, 
a step S64 decides whether or not the test write 
p process is necessary with respect to the target 

track. The process advances to a step S79 which 
J;^ 15 will be described later in conjunction with FIG. 14 

I'g if the decision result in the step S64 is NO. If 

f.n the decision result in the step S64 is YES, a step 

l]Z S65 carries out the test write process, and a step 

S66 decides whether or not the test write process 

^■'^ 20 was successful. If the decision result in the step 

id 

ll S66 is YES, the process advances to a step S73 which 

will be described later in conjunction with FIG. 14. 

If the decision result in the step S66 is 

I- 

NO, a step S6 7 decides whether or not the read or 
2 5 write performance is likely to improve when the 

state is switched to the low-speed rotation state 
from the high-speed rotation state. If the decision 
result in the step 867 is YES, a step S68 adds +10 
to a value of an accumulating counter within the MPU 
30 12, for example. A step S69 decides whether or not 
the value of the accumulating counter is 30 or 
greater, and if the decision result in the step S69 
is YES, a step S70 substitutes 30 to the value of 
the accumulating counter so as to clip the value to 
35 30. If the decision result in the step S69 is NO or 
after the step S70, a step S71 sets the low-speed 
rotation request flag, and the process returns to 
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the step S61. In addition, if the decision result 
in the step S67 is NO, a step S72 substitutes 0 to 
the value of the accumulating counter, and the 
process returns to the step S61. 
5 In FIG. 14, the step S73 decides whether 

or not a desired read or write margin is obtainable 
even when the state is switched from the low-speed 
rotation state to the high-speed rotation state. If 
the decision result in the step S73 is YES, a step 
10 S74 adds -10 to the value of the accumulating 

counter, that is, subtracts +10 from the value of 
the accumulating counter. A step S75 decides 
f=i whether or not the value of the accumulating counter 

'".3 is 0 or less. If the decision result in the step 

15 S75 is YES, a step S76 substitutes 0 to the value of 
|;g the accumulating counter to clip the value to 0 . If 

the decision result in the step S75 is NO or after 
the step S76, a step S77 clears the low-speed 
rotation request flag, and the process advances to 
^==f 20 the step S79 which will be described later. If the 

i/l decision result in the step S73 is NO, a step S78 

substitutes 30 to the value of the accumulating 
1^=^ counter, and the process advances to the step S79. 

The step S79 carries out the erase-write- 
25 verify process with respect to the target track, and 
a step S80 decides whether or not the learning 
process is necessary. If the decision result in the 
step S80 is NO, the process ends as will be 
described later in conjunction with FIG- 15. On the 
30 other hand, if the decision result in the step S80 

is YES, a step S81 carries out the learning process. 
A step S82 decides whether or not the read or write 
performance is likely to improve when the state is 
switched to the low-speed rotation state from the 
35 high-speed rotation state based on the result of the 
learning process. If the decision result in the 
step S82 is NO, the process advances to a step S87 
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which will be described later in conjunction with 
FIG. 15. If the decision result in the step S82 is 
YES, a step S83 adds +1 to the value of the 
accumulating counter. In addition, a step S84 
5 decides whether or not the value of the accumulating 
counter is 30 or greater. If the decision result in 
the step S84 is NO, the process advances to a step 
S86 which will be described later in conjunction 
with FIG. 15. If the decision result in the step 
10 S84 is YES, a step S85 substitutes 30 to the value 

of the accumulating counter to clip the value to 30. 
After the step S85, the process advances to the step 
12 S86 shown in FIG- 15. 

^3 In FIG. 15, the step S86 sets the low- 

jig 15 speed rotation request flag, and the process ends. 

i:g The step S87 decides, based on the result of the 

learning process, whether or not the desired read or 
write margin is obtainable even when the state is 
i; switched from the low-speed rotation state to the 

J=J 20 high-speed rotation state. The process ends if the 

il decision result in the step S87 is NO. On the other 

hand, if the decision result in the step S87 is YES, 
:"f a step S88 adds -1 to the value of the accumulating 

counter, that is, subtracts +1 from the value. A 
25 step S89 decides whether or not the value of the 

accumulating counter is 0 or less. If the decision 
result in the step S89 is YES, a step S90 
substitutes 0 to the value of the accumulating 
counter to clip the value to 0. If the decision 
30 result in the step S89 is NO or after the step S90, 
a step S91 clears the low-speed rotation request 
flag, and the process ends. 

The accumulating counter used in the above 
described process counts up or down when it is 
35 judged that the switching of the rotational speed is 
necessary. The value of the accumulating counter is 
used in common between the result of the test write 
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process and the result of the learning process. The 
value of the accumulating counter is added with a 
value +10 if it is judged better to switch the state 
to the low-speed rotation state based on the result 
5 of the test write process, and is added with a value 
+1 if Judged similarly based on the result of the 
learning process. On the other hand, the value of 
the accumulating counter is added with a value -10 
if it is judged better to switch the state to the 
10 high-speed rotation state based on the result of the 
test write process, and is added with a value -1 if 
judged similarly based on the result of the learning 
p process. The low-speed rotation request flag is set 

'J when the value of the accumulating counter is +30 or 

15 greater, and the low-speed rotation request flag is 
i;g cleared when the value of the accumulating counter 

'-•■^ is 0 or less. Normally, a time on the order of 

7Z seconds is required to switch the rotational speed 

iii of the spindle motor 40, and the performance of the 

p 20 optical disk unit deteriorates if the rotational 

l2 speed is switched frequently. Accordingly, for the 

=.5 test write process, the rotational speed is switched 

when it is judged three consecutive times that it is 
necessary to switch the rotational speed. For the 
25 learning process, the rotational speed is switched 
when it is judged thirty times that it is necessary 
to switch the rotational speed, by reducing the 
weighting of the value of the accumulating counter. 

FIG. 16 is a diagram for explaining a case 
30 where it is judged better to switch the state to the 
low-speed rotation state as a result of carrying out 
the test write process in the high-speed rotation 
state . 

In the case shown in FIG. 16, the test 
35 write process carries out an erase-write using five 
kinds of power, carries out a read without error 
correction, and compares the read data and the write 
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data so as to calculate the number of errors . The 
power which makes the number of errors (or error 
rate) a minimum is determined as an optimum power, 
and this optimum power is used when carrying out the 
5 actual write. 

Normally, of the five kinds of power, the 
number of errors read falls under a success slice 
value at one or more points, and a center value of 
such points is determined as the optimum power, 
10 When the write power becomes insufficient 

in the high-speed rotation state, a point where the 
number of errors improves will no longer be 
generated unless the power is increased. On the 
other hand, in order to prevent damage or 
==;^ 15 destruction of the laser diode 30-1, an upper limit 

l!3 value of the power is set so that the generated 

^'■'^ power will not exceed the upper limit value. 

12 Accordingly, even if the test write process 

instructs a high power, the actual power is clipped 
S.I 20 to the upper limit value. 

FIG. 16 shows a case where the optimum 
power shifts towards the high power side and exceeds 
the upper limit value due to insufficient power 
during the high-speed rotation. In other words, the 
25 number of errors becomes smaller than 1/4 the value 
at a worst slice value at the fifth and last point 
where the write power is increased, and it is 
possible to see the tendency of the number of errors 
to decrease. In this state, the power exceeds the 
30 upper limit value described above. When the number 
of errors has such a distribution, it is Judged that 
the probability of a successful test write process 
being carried out is high if the state is switched 
to the low-speed rotation state. 
35 The measurement itself of the write power 

may be made by a known method, such as a method 
proposed in a Japanese Laid-Open Patent Application 
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No. 9-293259, for example. 

FIGS. 17 and 18 are flow charts for 
explaining a case where it is judged better to 
switch the state to the low-speed rotation state. 
FIGS. 17 and 18 show a case where state is switched 
to the low-speed rotation sate depending on the 
amount of eccentricity of the optical disk 72 and 
the frequency of generation of the servo error 
during the read or write when loading the optical 
disk 72 into the optical disk unit. 

When the amount of eccentricity of the 
loaded optical disk 72 is extremely large, the state 
is switched to the low-speed rotation state. When 
the amount of eccentricity of the loaded optical 
disk 72 is small or medium, the operation is 
continued in the high-speed rotation state, and the 
state is switched to the low-speed rotation state 
when the frequency of generation of the servo error 
(abnormality) is large. When the frequency of 
generation of the servo abnormality exceeds a 
certain reference, the state is switched to the low- 
speed rotation state, but this reference is switched 
between a case where the amount of eccentricity is 
small and a case where the amount of eccentricity is 
medium. That is, when the amount of eccentricity is 
small, the reference used to judge the frequency of 
generation of the servo abnormality is made more 
severe as compared to when the amount of 
eccentricity is medium. 

For example, when the amount of 
eccentricity of the loaded optical disk 72 is 90 
//mp-p or larger, the state is switched to the low- 
speed rotation state. When the amount of 
eccentricity is 60 to 90 Mmp-p, the state is 
switched to the low-speed rotation state if the 
servo abnormality occurs ten times within a time of 
ten minutes . When the amount of eccentricity is 
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less than 60 /xmp-p, the state is switched to the 
low- speed rotation state if the servo abnormality is 
generated ten times within a time of three minutes. 

In FIG. 17, when the optical disk 72 is 
5 loaded into the optical disk unit in a step SlOl, a 
step S102 rotates the spindle motor 40 at the high 
speed. A step S103 turns ON the laser diode 30-1 so 
as to emit light therefrom, and a step S104 turns 
the focus servo ON. A step S105 measures the amount 
10 of eccentricity of the loaded optical disk 72, and a 
step S106 decides whether or not the amount of 
eccentricity is 90 Mmp-p or larger. For example, 
Q the measurement itself of the amount of eccentricity 

^3 may be made by a known method, such as a method 

p 15 proposed in a Japanese Laid-Open Patent Application 

iQ No. 5-109101. If the decision result in the step 

S106 is YES, a step S107 switches the state to the 
low- speed rotation state, and the process advances 
to a step Sill which will be described later. 
20 On the other hand, if the decision result 

in the step S106 is NO, a step S108 decides whether 
or not the amount of eccentricity is 60 /xmp-p or 
larger. If the decision result in the step S108 is 
YES, a step S109 sets a generation frequency 
25 reference of the servo abnormality to ten minutes, 
and the process advances to the step Sill. If the 
decision result in the step S108 is NO, a step SllO 
sets the generation frequency reference of the servo 
abnormality of three minutes, and the process 
30 advances to the step Sill. The step Sill turns the 
tracking servo ON, and the optical disk unit thereby 
assumes a ready state. 

In FIG. 18, a step S121 decides whether or 
not the servo error (abnormality) is generated 
35 during the read or write. The process advances to a 
step S131 which will be described later if the 
decision result in the step S121 is NO. If the 
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decision result in the step S121 is YES, a step S122 
decides whether or not the present state is the 
high-speed rotation state. The process advances to 
a step S130 which will be described later if the 
decision result in the step S122 is NO. If the 
decision result in the step S122 is YES, a step S123 
increments by +1 a value of an internal counter of 
the MPU 12, for example, and a step S124 decides 
whether or not the value of the internal counter is 
1. If the decision result in the step S124 is YES, 
a step S125 starts an internal timer of the MPU 12, 
for example. 

If the decision result in the step S124 is 
NO or after the step S125, a step S126 decides 
whether or not the value of the internal counter 
reached 10. The process advances to the step S130 
which will be described later if the decision result 
in the step S126 is NO. On the other hand, if the 
decision result in the step S126 is YES, a step S127 
stops the internal timer, and sets 0 to the internal 
counter. In addition, a step S128 decides whether 
or not the elapsed time measured by the internal 
timer is shorter than a time of the generation 
frequency reference of the servo abnormality. If 
the decision result in the step S128 is YES, a step 
S129 switches the state to the low-speed rotation 
state. If the decision result in the step S128 is 
NO or after the step S129, the process advances to 
the step S130. 

The step S130 carries out a servo 
restoration process, including the tracking servo 
and/or the focus servo. In addition, the step S131 
carries out the read or write process, and the 
process returns to the step S121. 

Next, a description will be given of a 
second embodiment of the storage apparatus according 
to the present invention, by referring to FIGS. 19 
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and 20. The construction of this second embodiment 
of the storage apparatus is the same as that of the 
first embodiment of the storage apparatus shown in 
FIGS. 1 and 2, and an illustration thereof will be 
5 omitted. In this second embodiment of the storage 
apparatus, the present invention is applied to the 
optical disk unit. In addition, this second 
embodiment of the storage apparatus employs a second 
embodiment of the rotation control method according 
10 to the present invention. 

FIGS. 19 and 20 are flow charts for 
explaining a flag operating process of this second 
p embodiment, and correspond to the second embodiment 

^■3 of the rotation control method. The process shown 

15 in FIGS. 19 and 20 is carried out by the MPU 12. In 



iig FIGS. 19 and 20, those steps which are the same as 

those corresponding steps in FIGS. 13 through 15 are 
designated by the same reference numerals, and a 
ii description thereof will be omitted. In this second 

20 embodiment, the rotational speed is switched in two 
or more stages, and a description will be given of a 
case where the rotational speed is switched in three 
stages. For example, the high-speed rotation state 
and a medium-speed rotation state may be rotational 
25 speeds of the high-speed mode, and the low-speed 
rotation state may be a rotational speed of the 
normal mode. 

In FIG. 19, a step S141 decides whether or 
not a rotational speed down request flag is set. If 
30 the decision result in the step S141 is YES, a step 
S142 carries out a process (i) if the present state 
is the high-speed rotation state, and carries out a 
process (ii) if the present state is the medium- 
speed rotation state. The process (i) decreases the 
35 rotational speed of the spindle motor 40 to switch 
to the medium-speed rotation, and clears the 
rotational speed down request flag. The process 
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(ii) decreases the rotational speed of the spindle 
motor 40 to switch to the low-speed rotation, and 
clears the rotational speed down request flag. 
After the step S142, the process advances to the 
5 step S64. On the other hand, if the decision result 
in the step S141 is NO, a step S143 decides whether 
or not a rotational speed up request flag is set. 
The process advances to the step S64 if the decision 
result in the step S143 is NO. If the decision 
10 result in the step S143 is YES, a step S144 carries 
out a process (iii) if the present state is the 
medium- speed rotation state, and carries out a 
process (iv) if the present state is the low-speed 
rotation state. The process (iii) increases the 



m 

p 15 rotational speed of the spindle motor 40 to switch 

to the high-speed rotation, and clears the 
J= rotational speed up request flag. The process (iv) 

O increases the rotational speed of the spindle motor 

40 to switch to the medium-speed rotation, and 
Ij 20 clears the rotational speed up request flag. 

v<^ If the decision result in the step S66 is 

NO, a step S147 decides whether or not the read or 
i.^ write performance is likely to improve if the 

rotational speed is decreased. The process advances 
25 to the step S72 if the decision result in the step 

S147 is NO. The process advances to the step S68 if 
the decision result in the step S147 is YES. 

If the decision result in the step S69 is 
NO or after the step S70, a step S151 sets the 
30 rotational speed down request flag or clears the 
rotational speed up request flag, and the process 
returns to the step S141. 

If the decision result in the step S66 is 
YES, a step S153 decides whether or not a sufficient 
35 read or write margin is obtainable even if the 
rotational speed is increased. If the decision 
result in the step S153 is NO, the process advances 
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to the step S78 shown in FIG. 20 which will be 
described later. On the other hand, if the decision 
result in the step S153 is YES, the process advances 
to the step S74 shown in FIG. 20 which will be 
5 described later. 

In FIG. 20, if the decision result in the 
step S75 is NO or after the step S76, a step S157 
sets the rotational speed up request flag or clears 
the rotational speed down request flag, and the 
10 process advances to the step S79. 

After the step S81, a step S162 decides 
whether or not the read or write performance is 
likely to improve if the rotational speed is 
decreased, based on the result of the learning 
15 process. The process advances to a step S167 if the 
decision result in the step S162 is NO, and the 
process advances to the step S83 if the decision 
result in the step S162 is YES. 

it 

If the decision result in the step S84 is 
ill 20 No. or after the step S85, a step S166 sets the 

'=''2 rotational speed down request flag or clears the 

rotational speed up request flag, and the process 
M ends . 

The step S167 decides whether or not a 
25 sufficient read or write margin is obtainable even 
if the rotational speed is increased, based on the 
result of the learning process. The process ends if 
the decision result in the step S167 is NO, and the 
process advances to the step S88 if the decision 
30 result in the step S167 is YES. 

If the decision result in the step S89 is 
NO or after the step S90, a step S171 sets the 
rotational speed up request flag or clears the 
rotational speed down request flag, and the process 
35 ends. 

When changing the rotational speed of the 
optical disk depending on the read or write margin. 
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it is of course possible to detect the read or write 
margin directly from the error rate or the like or, 
to estimate the read or write margin by detecting 
parameters such as the power of the light irradiated 
5 on the optical disk» Hence, the rotational speed of 
the optical disk can be changed depending on the 
read or write margin obtained by any such methods . 

In the embodiments described above, the 
present invention is applied to an optical disk unit 
10 which uses a magneto-optical disk. However, the 

present invention is of course similarly applicable 
to apparatuses which use disk- shaped recording media 
□ such as phase-change type optical disks and magnetic 

^3 disks. In addition, the shape of the recording 

15 medium is not limited to the disk- shape, and the 

recording medium may have a card- shape or the like 
with a spiral track or concentric tracks formed 
similarly to the optical disk of the above described 
embodiments . 

20 Further, the present invention is not 

limited to these embodiments, but various variations 
and modifications may be made without departing from 
the scope of the present invention, 

25 
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